The authors report clinical studies on lumbar disorders (clinical symptoms, X-ray findings) in athletes in various sports. The sport items were divided into three groups according to the main dynamic load applied to the lumbar region. As a result, over 60% of the athletes suffered from "lumbago", and among them spondylolysis reached the high rate of 27%. Arising from these clinical observations, we performed biomechanical laboratory analyses on human cadaver material, axial compression and rotational bending. Our results suggest that the incidence of spondylolysis depends upon the extent and direction of the loads.
INTRODUCTION
The spinal column plays an essential role in active movement as well as in supporting the head and trunk. The main burden is on the lower lumbar vertebrae because they support the heavy trunk in its straight upright stance and provide balance in various directional movements. As a result, it is widely known that the lower lumbar vertebrae are susceptible to severe orthopaedic disorders.
Since 1959, the authors have been performing studies on lumbar disorders among 607 athletes drawn from various selected sports (Table 1 ). The incidence of lumbar disturbances in our study has now reached about 60%. In X-ray photographs spondylolysis shows a high rate of 27%, though not all of these athletes suffer from low back discomfort.
Depending upon the type of sports stress, it was considered that there might also be differences between the morphological changes and arrangement of the vertebrae, the clinical findings and X-ray photographs. Therefore, a statistical analysis was performed to determine if there were any correlation between vertebral X-ray findings and clinical symptoms. In addition we performed biomechanical experiments upon cadaver material to add support to this idea.
CLINICAL STUDY Materials and Methods
The athletes investigated were divided into three groups according to the direction of the main dynamic loads applied to the lumbar region (Table I) .
From the standpoint of lumbar function, the lumbar vertebrae can be divided into front and rear structural elements with the posterior longitudinal ligament as (Table 11 ). (3) The incidence of spondylolysis varied in accordance with the types of sports, considered to be because of differences in such factors as the degree and direction of the load on the lumbar vertebrae in each sport (Table IIl) . (4) Ipsilateral spondylolysis progressed to bilateral spondylolysis after a few years, noted in follow-up investigations (Fig. 4 ). This finding encouraged us to perform the laboratory investigations upon cadaveric material, described below. Fresh human lumbo-pelvic blocks were utilised for the test (Table IV) .
The thawed material was mounted in a steel box with methyl methacrylate, then placed in the apparatus for axial compression, anteroposterior bending and rotational stressing of the materials for the test (Fig. 5) . Displacement transducers were constructed. For the measurement of the deflection, the displacement transducers were attached at the anterior and posterior parts of the spinal body and intervertebral disc, and for the pars interarticularis, they were set perpendicular to the direction in which spondylolysis usually develops (Fig. 6 ).
The loading test was repeated twice in succession, and average values were then calculated. 25.9% The new displacement transducers (left) and the position of the transducers on the spine (right). Experimental results Figure 7 shows the result of the axial compressive loading test. The anterior part of the spinal body shows maximum deformation at both the anterior and the posterior axial compression loading tests. Figure 8 shows the result of the antero-posterior bending test. Under maximum loading in the neutral position of the spinal column, the deformation at each part increases linearly.
The pars interarticularis was excluded in the neutral position. In the position of extension of the spinal column the deformity value resembled that of compression. Figure 9 shows the result of the rotation. As the rotational angle increased, the deformity values at each point increased and as the axial compressive load increased the deformity value became markedly larger.
Investigation on the amount of stress showed that the existing unilateral spondylolytic pars could extend to the other intact pars interarticularis in rotation of the spine and it showed high deformity value at the L5 (the fifth lumbar vertebrae) intact pars interarticularis (Fig. 10) . Both clinical and experimental results show that the anterior part of the spinal body sustained maximum deformity with the repetition of the axial compressive load (Fig. 11) .
With regard to the spondylolysis, it developed in over 20% of all the athletes investigated. Of these 77% suffered from lumbar disturbances, and 23% did not. During our follow-up clinical investigation, one new case of spondylolysis was detected (Fig. 4) . This evidence shows that the aetiologically acquired spondylolysis can be divided into two types; one is acute fracture owing to major stress on one occasion and the other is the stress fracture (Fig. 12) . Our evidence suggests that the incidence of spondylolysis depends upon the types of sports as stated above, and may be due to directional differences in the loading to the spinal column (Fig. 13 ).
In the antero-posterior loading test of the spinal column, the deformity of the pars interarticularis caused compressive strain in extension of the spinal column, and tensile strain in the neutral position. In one clinical case of spondylolysis, the X-ray finding showed the socalled Nathan's "pincers effect". We, furthermore, experienced one interesting clinical case of bilateral 
spondylolysis.
We investigated one case that showed sacralisation of L5, which showed that the maximum loading was shown on the L4 level pars interarticularis.
As stated above, it was confirmed both clinically and experimentally that various organic changes were made in the lumbar spinal column depending on the type of sport. As shown in Figure 14 an assumption was made on the correlation between these organic and functional changes, and lumbar pain, that the organic changes in the lumbar region, including the vertebral and soft tissue lead usually to functional disabilities affected by such additional factors as limitation of mobility, pain and severe functional disturbances that limit both sporting and working efficiency. 
